Cryogenic scanning tunneling microscopy and magnetization measurements were used to study the superconducting properties of M gB 2 . The magnetization measurements show a sharp superconductor transition at T c = 39K, in agreement with previous works. The tunneling spectra exhibit BCS gap structures, with gap parameters in the range of 5 to 7 meV, yielding a ratio of 2∆/k B T c ∼ 3 − 4. This suggests that M gB 2 is a conventional BCS s-wave superconductor, either in the weak-coupling or in the 'intermediate-coupling' regime.
1
The recent discovery 1 of superconductivity around T c ∼ 39K in the simple intermetallic compound MgB 2 is particularly surprising for many reasons. This T c is much higher than the highest T c values reported for any other intermetallic compound, such as the A15 compounds (Nb 3 Ge, T c = 23.2K) and the borocarbides (Y P d 2 B 2 C, T c = 23K), as well as for any noncuprate and non C 60 -based material. Moreover, this transition temperature is above the limit predicted theoretically for conventional BCS superconductivity in the weak-coupling regime. 2 Therefore, a question arises regarding the mechanism for superconductivity in this system. The Boron isotope effect measured by Bud'ko et al. 3 suggests that MgB 2 is a BCS phonon-mediated superconductor, and also suggests that the high transition temperature is partly due to the low mass of boron that yields high phonon frequencies.
Further evidence for BCS superconductivity can be provided by tunneling spectroscopy, which yield direct information on the quasi-particle density of states (DOS). 4 Tunneling spectroscopy measurements on MgB 2 performed by Rubio-Bollinger et al. show a BCS quasi-particle DOS on small MgB 2 grains embedded in a gold matrix. 5 However, the tran- Stoichiometric ratio of Mg and B elements (99.9% pure) in lump form were placed in a T a tube. The T a tube was then sealed in an evacuated quartz ampoule and heated to 950C in a box furnace for two hours. The powder X-ray diffraction pattern was indexed to the well known hexagonal AlB 2 -type unit cell of MgB 2 , which has been structurally characterized already in the mid 1950's. 7 This structure can be viewed as an intercalated graphite structure with full occupation of interstitial sites centered in hexagonal prism made 2 of B atoms. The lattice parameters obtained, a = 3.110 and c = 3.519Å, are in excellent agreement with the data given in previous reports. 8, 9 The pattern contained a few extra peaks (with intensity of less than 5%) which are due to a MgB 4 phase.
The dc magnetic measurements on solid ceramic pieces in the range of 5 − 45 K were performed in a commercial (Quantum Design) superconducting quantum interference device magnetometer (SQUID). For the tunneling measurements the sample surface was polished first by mettalographic grinding paper and ending with 0.25 µm diamond lapping-compound. The sample was then cleaned with distilled water in an ultrasonic bath just before mounting in our homemade cryogenic STM. The STM was immersed in liquid He right after evacuating the samplespace, and the sample and the scan-head were cooled down to 4.2 K via He exchange gas.
The tunneling spectra, namely, the I-V and the tunneling conductance dI/dV vs. V curves (the latter is proportional to the local DOS), were acquired while momentarily disconnecting the feedback circuit. We note that the tunneling conductance curves measured directly using conventional lock-in technique were nearly identical to those obtained by numerical differentiation of the I-V curves.
In Fig. 4 we present three tunneling I-V and dI/dV vs. V characteristics, showing minimal (a), mid-range (b) and maximal (c) gaps observed in our data. These spectra exhibit a small asymmetry, but can still be fit well to the Dynes function for tunneling into a BCS (s-wave) superconductor, 10 with gap parameters ∆ = 5, 5.5 and 7 meV for spectra (a), (b) and (c), respectively. The lifetime broadening parameters used in these fits were relatively small, about 0.1 ∆. With the measured T c = 39 K we obtain that the ratio 2∆/k B T c varies between 3.0 to 4.2, around the theoretical value (3.53) for a weakcoupling BCS superconductor. We note that while on most of the surface a superconductor gap structure was clearly observed, we found some regions where the gap was suppressed or even vanished. This can be attributed to local defects or to the existence of a minor non-superconducting impurity phase.
Our tunneling data strongly indicate the MgB 2 is a BCS-type s-wave superconductor.
We found no evidence for d -wave superconductivity in the tunneling spectra, such as zero bias conductance peaks or v-shaped gap structures. 11, 12 Although the measured spectra exhibited, in many cases, some asymmetry, this effect was much smaller than what is typically observed in the high T c cuprates. 11, 13, 14 The dependence of this asymmetry on the tip-substrate distance, which has not yet been systematically investigated, may shed light on its origin within the framework of s-wave superconductivity. 15 Unfortunately, the spatial variation in the measured superconducting gaps described above does not allow us to determine unambiguously whether or not MgB 2 is in the weak-coupling regime, for which 
